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(57) [ttffife&Ottlil] 

T, 

(f) iE^Jff^y^oSlUlWCJEfaan. 

#tfS0ffT:E7-K£flljrrsX2|e©lf-.y N* 

(□) -±|EX*©fcfy hftlctttt^nfcX*©^— ^« 

(A) ±fE^l^(rP^T-2»±fE¥#^^^7 p 0^2 

m \z m& -r * x * © * tft * *-r & m 2 ^- 9 m \z m 
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N^ajLg^—^fcCD 1 1 X-f 

IE 1 ?— K SKI/ST* X#© If y ^8^*^512/^ 
C\) ±:Effi3«*C»aEraJilE*#flc9 : u/y©*4 



3 

k© 1 -Do?- K^^&T&sctSr^-rtffgfcjfc 

SIT, ±fE^2^^U • -fe;P- 7W*5,fflS3f- 
St. 

(h) ±EJB4«*Kl»*-r*±IE¥##^y^'©*5 

M^icBfiK^n. ttKDfriEiattom*ic»«an, ± 
eirjEa©«oinE'7— Hsaw-«t*u*#ai*«A 

•SJhE^'J. 
T. 

(f) ±E¥SMfr^y:/©m«*K:»J*an, sa* 
©>7— K«£. =f—9 • l-S^fiy * • \Ly h£ 
^ttR0fTIE7-K£#lj£T3X2£©t:-.y higlt, N* 
©JLfttfy M»t**-T*JBl ^=e'J • -fe;> • 7W 
t, 

(P) ±CX.*Otfy h«fc»ttStlfcX*©'5 i — i?* 

S.^±fBN*©Ji:fik*-y hiKCSl^StlfcN*©^^ 

— ^auMrrsx+N^oiBiT*— 

HWtKMtotSn. ±EX + N#©ff§lx-^iK£A^t 

lts^o. a*si«±eflii7 : -^«©x3|E©5 f -^ 
& t z » * -r * x * © 5 s - 9 m * * -r * is 2 ? - ^ « c & 

i-*±E« 2 ^-^«S©^-^i® lc±iH^ 1 ^-^as© 
N*©7lS^— ^i«§© lO^tfSl 1 *-f y^>if 
fat, 

(=) ±E*2«WC|»»r*±E*##5 : -y^ r ©flS3 

iE9-h*s:«^-r-S)X*©tf<> hi»t^^rr^M2^^ 
•J • -fe;i/ • 7l/-f t. 

^ $ nfc x#©?- 9 m & w-r -5 si 3 x- * m t , 

(^) ±E*3«*fcBWrr*±E¥*tt?v:/©*4 
i*C»«Sn. JiEII^^-^ttRtfiEJBST*-* 
**A2l£UTgW*D. tB^X*©^-^**** 

ssu?— ^scug^n, ifESutu -t;p-7 

H*© 1 0©"7- Ffca^&T&actS^-rtiMgKJfc 
fLt, _tESfI2^U • -fe;l> • 7 wfrs.wiis^- 



(2) #8f- 2 5 3 9 9 5 0 

4 

(H ±E^4ffl^lcKS-r^±E¥#^5 1 ^7 p ©^5 
«*K»/SSft, ±Em4x-^^€r^UT±E^"3fT 
jE^-Ffcgttlfc*), KRDIJjE?— F©? 1 — * • Ify 
h©g|9£±E?x-;/£ • Ify Mc*^TfriE-J-*R 
DfTIElHlS&t, 

(?) ±E^5fflSICP}fr^±ffi¥«^y7 p ©^6 
EfTIE«0««5irjE7-H*S^l!t*a*^ai*-tn 

^*n<i a * d>& < t fe 2 © yjb- y^iEf^tt? y 

©^jp— ^oiEiu^^acssatanfcAtb^^y nai 
n, KAtu*/xy f?u£&a,t--LE2-s>©^;u 

u. 

T. 

(-f) ±E***^y7 p ©JBl««K»«an, 
©7-F*6i, T-^-k"y Wfxyi'-f-^^ 
20 -&trK!3inE7 — FSrSDST SX#©hf<.y hSt. N# 

•ft. 

(d) ±EX*©tfy MSlcaittsnfcX*©^— ^« 

— ^ft5X + N*Of It- ^t, 

(A) ±E*l««KRJ*r*±E¥#*l^y:7©*2 
««l:»*an. JiEX + N*©Mlx-^i^S:A^i: 
L-TS^BtD.- W^j^EiBlT*— ^IftOX*©? 1 — ^ 

iKfc^-r-s x^w^-^^-t-sf! 2 "r-zmzm 

30 i&Stt, ±E^15 i -^iK©X*©x-^iK©'5%±E 

gsi • • rwo^fiif!/ bmizmwiztiT 

-kE^Abfv hHUcftttSftTtJaiE^-^tt^iB 

-rz>±.mm 2 ^-^m^-^miz^mm 1 ^-^^© 

N2^©5LST-^i^© 1 OSr^iKt" -5^ 1 <y?->tf 

fat, 

(-) ±EI 2 It 5±E*S*f y y©I 3 
JE«7— H*«lJ«-r«X*©ty hiStt^Wr-5^2^^ 
(*) g!2^€'J • -feJU • 7W ©X^©b*<y b&\Z 

('s) ±EfB3«*C»*'r*±E¥##:? : y^ , ©*4 

«W:»U*n, JiE^2?-^iSR^±Em3?-i5' 
**A*tUTSJtl!tO. ttl^^X*©^-^!***^- 
^>^4 5 ; -^i^t-^iK$n. iEflSl^^U --fe;!" 7 
U-T© 1 •^©■7- Hfi!*^mT»-5CtSr^-ritS^ 

^IS«:±Em4T r -^i^lC^-r^^2X'f y9->ifm 

50 at. 
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iiswissn. ttasDirjEiatt©ta*K:aji(iEsn, ± 
lEiriE^ ©r o ira 9 - h * a w-n % a * #g t £ m 

T. 

H) ±B¥*#^y:7©m«*l;:#J*aft. fflffc* 
#0R OfTaE 7- I s X*©hfy hfci:, 

i. 

(D) ±EX#©lfy hftKjftKSttfcX*©?*— 

LTWStO, fcH^-tESSlT*— ^©X*©?*-:? 

t^T 1 — ^«©7 FU-^dtAlfoSnfcCltfcJSSLT, 
±E^&£y MafcffigtStlT^SifiE^-^SlC^J*; 
f &±E!S 2 5*— ^ft©?*— *«K±EJB 1 5^-^iK© 

N^wjts^-^is© i -D^mm-r^w, i *-r v?->v 

(=) ±E»2«*fc«ST*±E¥##9 l y:/©Jli3 

ntcMSh, «**©5i:*7-K»t, ±ia^ofr 

±EIB3M:(£C|$ST3±E¥##3 1 -.y:/©Sf!4 

*«ti:»ftsn. ±iH^2^-^i^R^±fam3 7 ; -^ 
s^A^tLTgtt&o, ttiaa«x*©x— 

K© 1 -ocou- Htt*^AT*-5^iS:*-rWffifcjt£: 
SLT. ±K^2 j*^E'J • • TUl^S©^?*— 

St. 

«Mtlc#fi!t*n, ±E*547*-:*fi*fl-LT±ER9ir 
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b©R9£±E3 1 x-;/£ • if y H=S-^lf»TUjEr*R 
DfTiEigild:, 

(5f) ±E*5<B«k:|»aE-r-6±E¥##5 1 y7 |, ©JB6 
EfrjE»©«DirH7-H*SW-5t«m**RtS« 

JiESB 1 ^-jJ'ilOX^O^-^ttfttllWfcXffl©? 

n-^£^-U ^©©^-^©^ti^r'tuaSf! 1 A 

^©fgl A73lcSii^^n. &7^-y©!S2 A7J«±E 
SB 1 7-?i»N*C5ilT-^8C 1 -^t^ffi^^ 

^—^^©7 Fl^#_tEX{i©^=J— ^tCA^S*!. 

©JB2 A*sffl*c»tt-ractt«F«ir*±E^^ 
u. 

_hIE#§ 1 x— ^©XJfcW^-^&ftKRttfcXiH©? 1 
312 A73Rtftii7j£:irU .kEJBl^— *»©X* 

©^— ?&<D j tti j eti\t z. nm \zm.tf <z> ntz JtE^n — 

iR i ^-^©n*©:^^-^®© i ■o\z&mmwa< 
n. ±mmi^-^m<r>x^(Dy : —^moo%±mmi 

5^— ^lU©?- Flz-^iEXflC^a-^frA^Sn. 

<om 2 a* c*«rr * z 1 £4t® <t-r -5>«#ji 

1. RjJ»S2Xttfflf*H3Eit©**'J. 

nr*5i9> SEta-x^aa. -hEfii^y • -tr^ • 
uxsiE^-^triwft-r-siifc^wfst-rsiii** 

4Xtt«f*JH5E*©* ; EU. 
40 [R#JH7] iE^a-^fct, ±E«u^su;±Eai 
ticomizmwizntzmi h^y^x? • ^-f^^t. ± 
EH2A^so:±Em^©ra{c^^$n/c^2 h9>s? 

7 Hl^XJC«fcOS*?$nfeCi{CJ^#bT, ±E^1 H 
7>-JX5> • X'T v^tt?\Zty*)Wtt\^X±M%2 

i r -5 6 E* © * * u . 

CW*5I8] ±ElUtU • -fe^ • T'l'-f 

u-\ : m^±m^m^y^±x^i^miz^im2nx 

50 *3 0. -hE^l ^^E'J • -t?;P • TK©X*©t'y h«g 
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2fctfN#©3L*l£y hi»3J«±EJBl*ie!»c:ia3S:r**2 
«^±KIB2#|fi!lK:E»SftT:BD. JtE* 1 5*-** 
aiMBIl, 1***2. tt*JS3, ||:ft)B4. if^Jg 

fESco^U. 

M^fi»->>Hn— A • >?x*U— ^^ft-^tico 
i/> HD-A • Ify h«:Sttl!fa^> h*P— A • A*X 
t, 

WHO)?—* • bfy h3&»»0T»*^**lffi-r*^a 

1. tt#Jl2, tt*^3, W*«4, «*315, 
[0 0 0 1] 

^^A-T^tX-^tU (DRAM) m>cV>ftm\Z 
■■r**>©T*D. J:DSL<(1 3^7^ DIXIE 
$m (ECC) Htttlfy HftJEftKl^ty-HilJtft 
«fi)t <t <0*&-&-t£ £ Sigftf -5 - <t C J; -3 Tl X CO 9 -i 7 
<Og| 0 SIOEf « D'R AM cog* D ITiEtg^ feftttfl: L 
it, DRAM07-^ri7?ti:P9T5fcOTS5. 
[0 0 0 2] 

[*£*©ftffi] 1 9 7 0^ftl:*3^5DRAMOffi^CD 

© it > y o @ a & * z t * mm v x 

Irifc. IPS, • f : --y7 p 5-fif^-r-5^:«e)C«^«lC 

-rzfctb. $mwsm.&fr%-?n&. -t-ns^u --tr 

;i/C0 -5 "6 ©Jfc^ jfctfjglE ftflE b fc H <b CD 1 75: ra T L £ 
5 Z\h ttjffi 6 nfc H COT S6 5 . 
[0 0 0 3] I*WC^Sn&»t>lH»©»0#©R 
D®&gj£<0?*.<0 1ot;:, 3Lfi«j«i«r»-5a*W7-f 

•^©l^fc^b***©^ (X^7) coijg! 
» ^#*D-r-5 0 ^flt^-H* (HI 



(4) #ff- 2 5 3 9 9 5 0 
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■S. ^O^t'J • -fe;i/CDF ET©y— HSf5l/*« 
*fc. f it*7 (IP'S, awsnfc^u 

i!IS±C*JHT, ^CO^'J ■ t;H5FETOHW 
>mm£o LJtffilftllSftT^a/tU • -feJK£>?'J) 
tLTfc^H. ilflftt. Ttgigl CO l*4ft-. EI2jW.cN 
OR7 FU7. • — ^#l^^f|fr*.S>ftTV>-5. ^ 

-T-3. £©Rj£Lfc7 FUX£, 3l««c07 F • 5 s 

-x^ftfjpb^o^wr^dticfcoTffTS^, -the: 

ioT, RAM^»EEPROM^*cot«iffiS:l9:3£-r*. 
WUHEU • i?Jl^#ffiLT<^&i^lC#j£Lfc7 KUXT 
m<nRt>r)\z^<DK&m&%i&lt'?Z>. Z<D£vizV 

KMf *»"b*I*0»l l lFiLT»4. %^©^^^ r^a 
0 £2Sc#T£>!nlJI$fJ}£te (Yield Enhancement Redundan 
cy Techinque) J tLfc, 1 9 7 3^8^140 ftTX 
$7X6 (Sumilas et al ) (C*f LTfEfT£*T. I BMtt 
iC^ffiSnfc. *IM3 7 5 3 244f C7-H« 

*XWtc:gJft-rs-fe;US:«f Afc^^E'U • ->XtA (Memo 
ry System With Temporary or Permanent Substitution 
30 of Cells For Defective Cells ) J tLfc, 19 7 3 
^8fl2 8BC7-7f (Arzubi) Kfcf LTfgffSm 
BMthfCffll«$ nfc, *H4$ffF^3 7 5 5 7 9 1^ (t* 

[0 0 0 4] ftS^tCttErr-SSBfcop-feco 1 -^(c> 

S5ce-fe;U©*7)5Jt«M^*CO«-&tC|S6ns d t 

K-tr;PcofnEtti£Sg^5T:Si^co*gC7ititJnL, 

40 tTS-aTLS^COTfe^) (M^«. ^-ffi^^E U ^ne# 

gtft^T<5) . -^CO^aoffl^H, ^->^->7 P CO^T 

ir>co-y-y7U"f Sl>L7l/-f co^co^TCO-tJl/^* 

COITIE * ft is. o C t «T"5JtET^ -5 o 
[0 0 0 5] CtD^MlC^ffl-r-SfeiDlC, *fgcco— §15^ 

50 *fiC0ffi©-fe;P£-&^T^-6 2HEUi©3 : -3/:7 r S:. lO 
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2 «<B— SBfiSf^y 1 fH^&Sf^y y^bTOi 

* (Monolithic Memory Utilizing Defective St 

orage Cells ) J i Lfc*H«Fl ! lFJB3 7 1 4 6 3 7f, 

WW©**** r^Rg^^u •■fe;psffl^fc7;u*« : Ey 

U:>y^ • ^^'J (Full Capacity Monolithic Memory 
Utilizing Defective Storage Cells ) J tVfz^m^ 
fFfg3 7 3 5 3 6 8-^, %BJ<£>£ffc£ r^&fc^U • -fe 
;i/Srffl^fc^Ey U ^ • >cq&U (Monolithic Memory 
Utilizing Defective Storage Cells ) J 
fFS§3 7 8 1 8 2 6#*#flBSnfc^c CH^3frO* 
B#t^i^Tttt>, W. Ki-VKJl' (W. Beausolei 

[ooo6] ^at/toK^nx, y§n#tr*m£W^ 

£4JitRWLfcKD0aSTttDRAM»fP«« 

r/\- FX7-J (^y y«o^^5-f -if— ■ /a >tc£ 
ttffifcJ:oT»*"r<5. IfcOiELKifiH-f T» 

WF-^- (error correction code : ECO ^ Tk^FISui 
A'Jf'f (horizontal-vertical par i ty : HV^'Jf 

Sffitt, #»HU ^-^©Bt^UlU**^? 1 • ty b • 
•7- K<B®Tfr&fc*lS;fci!:3>t:x — • S^-rAK 

[0 0 0 7] C eiT% «gfj^/\=>^ECCT$) 
£k -fi^D^£±l/#— ^OfTIE (DED/SEC) \Z 
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i^xmrnzmw-rzo T-^zmmtzmziz. 

$ • h£^xy ^ • ty htOi^MftECC 
7-F<OJETCIE1fcLT45<. fx7^- ty htt, 

y hSi^Tr-^ ' ty h^fXM, ^ITECC 
l 7- Fcs^co^ty H**ttS*g::bT^50>#>S:S 
bty> Fd-A • ty hS^-rScfc-SlcLT^*, 
^©•»HP-A- tyhSffl^T, ECCPy'7M^ 

[0 0 0 8] mzm^fc&vlZ, %£m&ffi\Z&\,*T\ZE 
»ffl-C&ofc. Z.<D5"f ycOi^X^A * l^^ECC 

h&$>z>mmmm-rz>z£\zur) m»<ozi^bffim^ 
, ^<Dfz&. ^n&m\zmmuz/XTi±\zm^z>c 
m \z * ^ t anntttt <d& \z5t2i? % » o * ixiE-r * ?c 

[0 0 0 9] £®HJB<B#*ffiBu ECCiBS^t'J 

^>^A • T^-trX • ^tU (Single Chip Random Acc 
ess Memory With Increased Yield and Reliability 
) J tlfc, 1 9 8 2^6^15 BftTS^ — (Mi lie 
r) K»bT*ff Sn&*BBWB l fJB4 3 3 5 4 5 9^ 

t^oM^mu7^TY&mvrz%<D-?$>z>o -t-^iais 

r-^^ECC7 - KOJg-efilE^tBSftS J;5trbT* 
0, :CDECC7-Hlt 12t*yh (r-^ • b*7 h 
ifiS ty K fiy? • ty tfy H *^fi£oT 

40 430, -^-ns^bfy h**ECC0&fc:«fcoTffl3a*'l* 

7Hl/Xfif*5Wa^ftft5H 8t # yh05^1 
ty hSjl*?UT#— ty I /O^lTHi^t 

t&m-zntz?^- - -tjimmt^ 

^SROfTiEWF^SlKiSfll^fc^fffr^^U (Semico 
nductor Memory With An Improved Dummy Cell Arrange 
ment And With A Built-in Error Correcting Code Cir 
cuit ) J tlfc, 1 9 8 9^3^28 HttTW *f h 
50 (Shinoda et al ) fc»LT&fT£nB3£ttfc»ffi;£n 
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fc, ^m^m4 8 1 7 0 5 2#Htt, ¥ffltU¥^- • 

»±©s^tc»»r-5**©i»*^ ; tu 

[0 0 10] HK:»J<0fflj£*tt, RDITjEKIO^TS)* 

U ■ t/H ^ (Semiconductor Memory Device HavingRe 
dundant Memory and Parity Capabilities ) J <3:b 
1 9 8 7^8^18 Bfl"C^VX (Takemae ) \Z 

^thx^n^n^±m^t\zm^nr^ *H4*fF*4 6 

8 8 2 1 9^ (jLfi^JttOfcfeO/^U^^ • tf y h£^- 
OtO^tU • ir^OfcftO/IU^^ ' try h©M<h 

t* ry HJ»jLfi*fiK) 1 9 8 8^8^3 
OHttT^VX (Takemae ) tC*fbT%ff <*n*±ji 

&\zmm.-zntzxm!$vtm4 768193^ > • 

(CcfcoT, HV-ECCyXT^<^fc^07- HiRKfi 
«dci t: y H«3C*«JBR t ct 5 K bT*5 

U «*»/Slt/^ U 5V SflJBrT* 
i^HUfcfe^)) , -^tXtC, :7;l/^x£ (Furutani et 
al) KcfcSfrlSt rDRAM©fc*®fflii*£!/\S >^J 
^■ECC§K (A Built-in Hamming Code ECC Circuit 
for DRAM* s) J > I EEEV U ^ F • Xr- MUKyt 
(IEEE Journal of solid-state Circuits) , 1 

9 8 9^2fl, *24*. mm. ^50I^56I 
(* >^ v 7M/\ * > ^ «F# yXrA^)/:^ OfrSft E 

[0 0 11] ■fitiOli-fnogifflXiK^^Tfe, ^ 
l:ffl^^nTl^h'7 MRRl^^— H«OjLfi«fi!c«:ffl 
^fc^ffitt, *>^y7ECC\zmm<V$><?)Xtefc^<> 
±IB*H4#ffF^4 6 8 8 2 1 9^ (^^r?X) TW\ fi£ 

±ffi*HWlfSS4 7 6 8 1 9 3-^ (^^X) T 
tt, *— OTWncfcoT, bfy HftJESWat^-H 
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iaTS-frSfeOTafeSo 1 -DCD7V-1 \z^x 

\zv hJLfiflWIt?- Hftfi«/«fcOffi:&*KW'3«fc'5 

swkh— <Dmm\z&tE~rz>z£\zf£2>&z>x$>2>o jg 
fr/^is ecc s«iSMK:«j»rr s t^57-rf 

& £ * \zM \z m CO <D * ft X X A ffiWh -d X < Z> Z. £ 
\ZUZ> 0 

[0012] Hf-tt, mm<D3\mjcwtv>v*>v>^~?n 

*>, ECC^ »fho*IJ«a:»t*W-«^D'fex»jflEco 

30 (wt>mmv^?ji<Dmm) 

75:»*<7)^^xXAtrail"r^e:^tc^^o 

x2%mmzmm?z;\-P<y*T$:m&'tz>z.h&j: 
A%wM\zwm^%rz®<vy—)i£Lxm^&z.t<Dv] 

tt, ECCi/7fA*^tl:|»il/Tl/S'5ut^ 
-S^^LCIIf y^6ECCi/XfA*l*iL/f 

50 fc»©flajfttt*snT^^^t>fc. 
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[0 0 13] t£oT. *»fl:fc^TH *>?7yE 

ts z.l ©t# •& * =e u • ? y y© 7— ^ ^-v wmm 

[0 0 14] 

[%0J^*b<fc5«>:TS^S] ft-DT*ftW<DEW 10 

*>?->y-7ECC<D-V~#—b\zmm.<t-£li: 

M(Ci|i^-a--5ri:(cag.^. #fSHJ©:5&-5BM«, JL-gk 
MyhBlZ. 7l<"f CD My hSi©-ftfc>D 

yyECC^£Rl3fTIE7-h*©:£#£§tf5tD, ^e-© 

yT^&zm&Tzmiiz&z. ^bjwm^-sbm 
^-*£#3&©»fl^-h*£^Wlc^-r-SC 

zfu^^mtttWct* © \zm <^*> e c c iHi{f&^ 

•y-Jp— hT*, • 5 L <>7 P 0 7-^5 1 ^^i'Srffi« 50 

[0 0 15] 

on ±E*##^v:/©«i*i*fc:®ritsn. 

©3E*£v h»t*«-r**l • ir^ • 7K 

(□) ±fiX*CUy hftKStltSn&X^OT 1 — ^» 40 

-^«i^*-r-5 X + N#©|g 1 r-*8i, 

(A) ±«E»l«*CIJI»r*±IE**#^!y^ , 0*2 
WKiBlJSft. ±iEX+N#©f?Sl7 ; -:?iB5£A^<fc 

is c *fj&-r * x * co * is s; #-r -a as 2 ^— * & ic » 

«E£ft. iEJBlx-^aiOX*©^— **©3-&-hE 
Mil X^V • -fcJI/ • h8i:St$nT 



4#glF- 2 5 3 9 9 5 0 
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N*co3Lgx-^iS© i -P&i&tfrrz&i i x-f y^yf 
ie 7- HSr«fiS-r*x*coify bm£&*rrz>m2 ^ 

U • -fe;U • 7L"f t, 

(M ±E»3*tt»C|JISrrs±E3MW^?y:7©3J4 

%%\^-*mztmi-£*\. ±mm 1 • • 7 

fLT, ±IE^2 ^^Er'J • ir;U • 7H*ecS3j- 
Set. 

(h) ±ffi*4««»cB»»-r*±E*»#^-,^©JB5 
««K»rit*n, ±BHffS4^-^i®£;frLT-hfE!3i9ffr 
JE^— HSrSWfltO, H©^— ^ • try 

iESSSfcttKRSt-SiE^fcfl^v^WiBe 

Mi:»)jsn, KRoirjEia»©ia*K»ttSft. ± 

EHTiE* © R 0 ITIE «7 - H £ g W"«t « ffl *J t * fit A 

©■7-HiBt, 't 1 — $ ' M-y bTk.Zf^x.y & • Myh% 
^tr«DITiE , 7-l«**l*'r*X*©try N* 
©JEilfy h*££*"r*8l • • 71/^ 

<h, 

(□) ±IEX*©f^ mgcgE^^^x*©^-^* 

-^i^**-r^.X + N*©^ 1 ^-^i^i:, 
(A) ±EJBl*«»:BIS!'ra±E¥«Mlc5 l y7 r ©»2 

ifHX + N^W^l^-^i^^A^t 
LTgWffiD, ffi^*i±IE^l^-^«S©X*©^-^ 

«fc»j«:-r*x*©5 i -3'««r*rrajiS2 7 f -^*Kaf 

±E^FSt'-> h«lcajttanT«rs*±E5 s -^«fc»i6: 

-r^>±E^ 2 ^-^©^-^i$l'_hfHS?! 1 ^-^^© 
N*©5tSx-^iS© 1 -DZteWiTzm 1 X< •>5 L >^ 

(-) ±m%i2mm\zm&'Tz>±m¥mft^y7<om3 

JE9- HSi^tSXiOk'y h©<t Sft^I 2 * ^ 
U • • 7K t. 
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mm a ntc x#©?- &m z^-rz> % 3 =?- *n t. . 

C\) ±Efg3ffiJsUcK&t-£±E¥##3 1 y:/©ff§4 
**fc»jS*ft. iE^^-^fcRtfJtEJBS^-* 

*jS4x-^*fci*tt3ft, ±e*i /tu • "t;u • 7 
Hoi ~D<nv- F^T&T&s^t^TtiffStc/t; 

*«*±E84^-*l*k:ttirr*!f52X-r y?>^ 

at. 

(h) jifa^4ffl^c^-r^>±iE¥^5 i >>y©^5 

I«C»«Sn, iEiM^-^aSfl-UT-kEttOIT 

jE7-F£SW-]R»3, mmQWUEV-Wr—? • fy 
h©gt<3£-hfE?x>;/^ • if y HcS-^TfJiE-r-SS* 
OITiElllKt. 

EinE*oiiDirjE , 7— H*aw*«tti*#ai**ti 

*tt«**^fc< i*> 2^©^;i/— ^tfJbE^fl^y 

©^-^oiiEiH^^afcttttsnfcAia^/t * fw 
a 5 y »j« s tut *=ev\** 

©7— F&t. • If y Wfxyi' • If y h£ 

*tf«0ITjE7— F**J*-r*X*©tfy N# 

■f £. 

-^mzm-r* x + n#©ik i ^-^m t, 

*MK:»jfc£*l. iEX + N*©*!^-******: 

•fcttfcTsx*©^-******^? 4 -**^!* 

ffi.zn, ±ess ©x #©?•-- ^$©-5 -£-hfB 
si^tu • -fe;p • zu-fo^tf y Macsaftajvc 

^-g)^-^^©^ F^X^A^anfcClttCJfcgLT. 
-f 3±Efg 2 ^-^©x-^atK^E* 1 x-^St© 

n*©^*? 5 -**© i :p*»«rr*as i x-r v^>tf 

(-) iEJSaWWlcPtt-raiE^V^y^OJBS 

iE7-K*«riE-r*X*©tfy K*£**rr*ifi2** 
U • -feJU • 7Kt. 

(*) gffi2/t'J • -fe;i/ • 71/-fOX*©f7 hi^C 
C\) ±E*3««t»»r*±E*®*? : y7 p ©JB4 



(8) 2 5 3 9 9 5 0 

16 

±ES2 7 i -i5'iSR^±E^3-7 ; -i5' 
•*A*iUSIt*0. UfljtfX*©^-****?- 

K © 1 o©7 — Hfi**^ATS&4^i*^"riffffitJS 
SIT, ±EJB2* : EU • ±JV • 7 H*»6©« 3 
^»*±E*4f I -^»fc*aE-r**2X-f y?>^ 

at. 

(F) ±EJB4««C|»»-r«±E*i»#5 1 y^ , ©iB5 
*«C»fi!cSn. ±E^4x-^i^S:^bT±E^i3fr 
/£» IE7- F£§tt^0. KK0ITIE , 7— H©x— ^ • fcfy 

h©^o$:±E?x-y^ • tf y hk:*^nTiriE-r*« 

•JITiEiattt. 

(?) ±E*5**K:»arr*±E¥##^y:/©JS6 

K^oiriE[H]gs©tij^{'SiK^n, ± 

EfTIE&©g| "9fTIE7- F *S»t«*ia*f Si *« 

±ESB 1 ^^EU • -fe;U • 71/'T©±EN*OSS5l 
*lfyhfiltt, -hESSl-^'J • -feJV • 7KrtOin. 

20 <-f) ±E^fl^v:/©*l«*fc#i«£n, ttffc* 
©7-FiB5t. -r-^ • tf'yWfi-^ • tfyF£ 
dtrKDITIE?— FSto*T*X#©fcfv N# 
©JLSVfy HiiSrtt^Il/tU • -feJU • 7 M* 
i. 

(P) iEX*©Hy h*KasttSnfcX#©x-^* 

- ^ & £#-r -5 X + N #©|g 1 7 s - 9 i . 

(A) ±Em**fclJ**T*±E¥»#?y:/©JS2 
«*Kl®riEaft, ±EX+N*©SlT-i'8?:A^i 
50 LTSlttt). maat-hEJBlT*— ^»©X*©5 f — * 

SI:*fJt;t5X*C!)f-5'iS:#t5l2 ^-^ifSicg 

^^n, Jlessi?*— *ifc©x #© ■?-*«© s-feJbiE 
<^ -5 ?*-*$© 7 Kwx*»A*anfcdtKie4SUT, 

-LET&t'y httCttttSnT^SJiET 1 — 

-T^>±E^ 2 ^-^©x-^&lCkESfS 1 ?-^© 

N*©5tg?-^i^© i ^sr&arr-sffi i ;w 

fit. 

<n) ±E*2«*fcWltt1--6±E 3 l £ aW?y7 r ©!B3 
40 ««IC»J«S*1. ftft^CJLfi^-Hait. ±E^0fT 
iE^-FftfltriE-riX*©^^ K»i*«-r*JB2/ : E 
ij • -feJU • 7 W 

(*:) • ±JV ' 7KOX*Ot*7 hi^lC 

g^^ftfeX^fflr-^^^ttSf 3f-^it, 
(^) ±E^3^(cK^-r^±E¥#^?y9 p ©m4 

«*A*iUTS»t«[0. aaaix*©?-****-*- 

W© 1 T3©>7- Hfi*^STfe*Cl<i:**rf9«tJC 
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at. 

««fc»j«an. ±IE^4T ; -^i^<&^LT±fEmOfT 
A. iEJBlJWy^i^&tt. JbEJBlT*-**© 

x#©x— ^fcttKRW-fcxfflw^p— y&*u tex 
stb. ±Eff 1 ^-^©x*©^— ^m.<n^tn^n 

©^Hby hil:»»SnTH5f-?»©7 H 1/X# 
JiEXjSW^P-yClA^Stl. ir-^S©7Hl/7 

wrrzzt&ftmiiT&o fit. -kEfsix-r v^-y 
ifz£m±* ±mmiT-5'm<Dx*<Df : -5'&mzmft 

m<ox*<DT—?m<D^n?n\-zz\nmzWiV<z>ntz± 

mmmzn. ±m^iy"-^m<Dx^<D^-^m^o^ 

±Efil;< : &'J • irJP • 7K O^Ify MSfcg&BlES 
tlT^^^-^i^OT H l/X^'JiEXfiW^P-^ICA 
^Sti, Sf-^iS<07 H 1^X13— ST S 1 oco-xn — 

y*«c:n©jB 2 AJi&thii \zmm?z> z\ t6»itt 

-5. f l/T, JtESUx— ^©X*©-^-:?®©^ 
±BIB1 ^=e'J • ir^ • 7U"f ©5FAtfy KttCSMftS 

*IT*SD, gfca-X^Sli, ±IEJf§l ^'J - 
7l^©Bfc*fl!lDflM*K:j£*LT. JtE^-^fcOT K 

l^X£±ExP-^tC&i£TSC:<h£#Sfc< - =-r3., -tb 
T> ±IExa-^«, ±EfSl A*fttf±Ettia©lflfc: 
K5>-^ • X-f yfi. -kEf!2A 

# J f=i>-jrw±&j : —9mOT HP* 

37 • X-f y^S*7C«J ?)#*.■€■ LT_hEiB 2 

X* • X< •>5 1 S:*>fC«0#^.«Ct*!|#»fr'5. 

fit, jbei/ty-M'7K«*®7- 

0< iiE^l^'J • • 7U-r»X*CDb*y higiE. 
tfN#©7L«lfv h«*U:Efli 1 SlSli: E^T «jfS2 * 
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/uT±EX:fc©b*y hi^R^N^OTLgt*^ hi»©±ffl« 

T 5? d^lf L TEt * tlT V»* Z. t £ &Wl £ "T 

5. *UT. ±E*1'7 I — ±EX*Of7 hi 
RtfN*©3t*tfv KgSfCttbT 3 &©&£-?>■ i^';/ 

T. ±E«OirjE0B3O«. ±E«?>fnE7— HSgtfB 
/0 4SSiO'»Ko-A • yi^l/-?i, felgSfcH© 

A • h£§H5t-5->> Hd-A • A*X£. ^->> H 
a— A • ;\*X(cSi^$tlTJiE->> HP— A •• b*>y H£ 
SttffiO, iESIDffnEC — HWt 1 — ^ • by hot*© 

[0 0 16] &5£W<DW.lZftl<D If&ll© 

<h£#A,T-:te9, ttEYffl©3Eft-fe;i'ttl&EX«©* ; E 

u • ^©^©g&sn/tBMM^u • -feJi/©-ftt) 0 
cffl^i-si-sfcejft-r*^ toTfstJi-Tj&t), we 

t'j • ■fe;i/OfflWkT»*NOH«:-c**«jfi-y-< 

#a-rs«ityp-tx(c*3v^T, «rE«jft-y-'f ^jkow 

«CttWE«DirjE«F^iatt^Pyi'U^OIlB*»» 

^v^pic-r^x^yya:, #iE»as-y-f vw&miz 

&^T, CCSigyp-feXlCfcoT^bfeiKB^^U 

!MttSft4^tU #rEKDITjE«F^ia 

- S JBJ* T S « it -7 P ir X T $> Z> . 
[0 0 17] *^g*J©5€(CgiJ© 1 OOJ^ffite, ^t'J ■ 

/tu -tjp^wt, t8»2|E©5i:sb*y hmt. m 

E1tS:*©b*-y HI«©5-6©«lBfS*»©Ky 
HBttCT h'l/XLTHgtfy h • 9- KtCT'^-feX-f -5 
i*lC. WE«^C2|s:©'n:Sb*>y M»©5-B©JB2Hf3t*: 

»©5igb*«> hm&mmzT fux-tzt nux^a 

50 «rEM»*©ty httCi-feWlMEWiBfS**:© 
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1 ©IMfcfrCx-^iftt. <fffEm 1 COtt^C*©^- 
*«©*»£ 0^&tv**#{t*5nTl^*. $?§2©« 
ffc*:©^- me*Jfc*©tfy h«©5-6©#rlE 
JBlJJr£#*©£v F«©3-S©ffi*© l*fc<^b«* 
#©lfy Fl*©ftto0K:. f&El*ft*©5i:*lfv Mi© 
5%©WE1B2Bf3e*»OJi:*lfy F<£©5tS© 1** 

^^©e^b/t^b**;/ hmfrzomnzwim 

ttSchfy F • "7-F©**©lfy F LTaHtifSX-f 

[0018] ^ffiwwjgicjw© l^owt *g&©^ 

TfcoT, tnsHfto^t'J • flSl#l*]K:ffi 
RSttfcartfcfrCtf-Flti. KHSfc*® 1 ?— K*©± 

legfg 1 75 ft ictt b itt:fc £ &TM§ 2 75 ft (cHHIS: $ 

©±fc, $?^tf^##©/t*->Ti»E*2#|ft»ceR 

[0 0 19] #B$3©3EC:5?iJ© 1 -zxammte. • 
f?^*t>T, C©*^ •■?y:7 r ©JSl«aM=E« 
$n»&#©t:>;/ h*t«Bc*o , 7— HlitCioTffl 
sSEttsnfciMfc©*^ ■-fe;i»&»e>j**JBi©-fe;i'- 

7 WTf»-3T«rE***Ofcfy h»fc|S'&bT«r»T J E- 
ns*ft#©lfv h«*»S#&n*JBl ©**£©«# 

«^£tfcmT5C < ktC<fcoTltfrEtt8:©* ; E , J •■feJKO 
©-fe;l/©^#.® 0 £fT& 5 *£ffc©-fe >7. 7 

ttimm 1 SlBBLfclB 2 gR^t'iElS^ tltt»:*co 

&&.<DK&±.)\'ft*>l$*m2<?)-t.)l, • 7 WT&oTftr 
E*»* © tf y h « fc b T t> T*n 6 If y 
h«36»6#6ti*IWEJBl ©***«fcO**t»SB2©* 

* s ©ft^fi** **a-r * c t ic «fc o xsaffiits:© 3E* 

-tr;U©** ©ir^WK^t) ^ff ^f5M©:©-tr>XT> 

[0 0 2 0] aMB9l©MK:»J©l-P©SBitt. «»©n 
gRfW*9f§#©;*c« *SWBi«*«:©A*«-r**« 1 A 

t>W>t. Z^-feX-r^^^T-^W^^E'J • ir;l/©7 F 
£jtfit«^bT^-5Sg 1 7 F UXft^gW-^-Sttgc© 

ft^— HSr-y-sp— F-rs^u ic&i^t, m-^-©*^ 

• 7^-fcX • -tM^JP©!!)^- F&K5rr*fc«>©7j 
ST^oT, Br^WtU • 7£-feX • +M ^(flOitl 
E*»©^*«»«^©5%©^a< ife 1 ^©JHStt 



(10) #Sfr- 2 5 3 9 9 5 0 

20 

Wt#££l7ffi9. -?-©§ttltofc*!>&< <hfe 1 o©fl. 

-f^;U4>©. tt&©7 FbXA7jgflT£-5#JEf5 2 A7J 

SXf'^t, l**8IH«W::, tt*©7Fl'XA2»*T?* 
4ldE*2 A^jgPfCT^-feXbT, KB?-*©**'; • 7 

^-fe* • it-f ^©^uaiftfrr^ilijEtSiS: 

©ftfl^- F©^© lOWl&fl^— h'**btI2 7 
HU^^'SSH-Ktax^y^i:. flfrESH 2 7 F l^X« 

ic d ©* t u ^ftf^-r^trttEttSc©*^*- H © 

^©JnTEl^©*)^— Fir. n©^ USrKJST* 
[0 0 2 1] 

y71 0 0 134^©^* F5> F (4#©l$l«) QU 
AD0~QUAD3^A>W5. ^IcMlCi^ffltCiHIH! 

Hffl©-fe;i/ (4Mb) SfLT^i. fctrC/^'J 
20 •fy^lOOtt. 1 6 0 OTJfcfy F (16Mb) © 

-fe;n£*-r5t>©T<&s. i-ne^tu • -tuna— km 

ft r>7> • ■^A'fTj DRAMiOfeffl (SP^lfi©F 
ET©. . -twy-F*?— HSUC. >£fcfy 

1Kb, k'>y F«gCSiK^nTI/>-5-fe>X7>7 P ^©^ 

ittoT,' E*3nTV»Sli«tt*#*l&J;Sft*J:3 

iCbfcfc©) T*$>oT, cniCO^T«. 196 8^6 
^Ir^-F (Dennard ) lc*fbT56fr Sni BMttfc 
30 Biaf^tl&^BWiFJBa 3 8 7 2 8 6-^lCltiSWtE« 

snxvi-s. ^ns^t'j • -fe;n*. #©:S.-5^a©ft 

ft© nTft£ffl ^Tfcfifc b fc ©Trig, o T *>&^©T& 
a*^. a£«-««-fe^ (Hl-fe. ««f»«ffl*^/X->^© 
xtf^^->^;u^^mjibT^-©T 
©*«r*«ffla«t»j«bTH4a**r3ii«EbTt»* 

FI/>?©4>lr. F-tf>^^*gbfe#U^I2;lTSCi: 
t.fc^T^bfc'fe©. ^niro^Ttt, 1 9 8 9^1 
R\Z*r-- (Kenney) bT»ff Sn I BMttfcKjg 
$nfe*ffl#?F^4 8 0 1 9 8 8^StWH*ttfcV». 
40 |£f. l^^fflittfF©^^. -©mR^J#oT*BJSB#(c 

fi#r*> t«ffl-r*©««»*b^. Mic^fc, c©? 

^TfiBJ-r-S^. lid^«C-5^ffi©^ ; E'J •5 1 5/7 r lC*fb 
Tfc. afflW«ftfe©T**£i**»£J'lfcV». 
[0 0 2 2] F*7> F©#^«. fffl^*H7>h 
lr#ffl©^glH]gS*{i^.T*5f3. ^©SglHlSSli. ^© 
F'7> F©1iSc©7U-f <h. I /O/V; F 5 0 t© 
BCfiSSntHi. 5tglHlS&lcli. t*-> FJlSx-* 
•WJ^IO. 9— F5i:S7U-f 2 0. ^DfTiE 
50 @B& (ECC) 3 0. •5-ni:SRAM4 0*5^$HTU 
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cnSIME^Py^ERttittt* £ns«f6:7n 

£&Tc&£o ECC30J4, QUAD 3^^^E'J • ir;i/ 
£7- K3t*7U-f 2 0 **^e>A*ss 
MoT, UjEJ&SSrOfcfy h£S RAM 4 0^31^1- 
£t>0>T?*D. fLT:<DSRAM4 0lt I^lfel; 
yhSI /O/^ 7 F 5 0 ^iHtti^^o dOcfc^CPS^y 

oT4i;§»fflE^*/Mfii:»A6nT^§ 0 doc 
t c £ o T it iJD $ n £ 7 2 ir x a m £ M /J n IB \z m A £ h ^ 
[0 0 2 3] ^cofficoH2Ililg& (MZ-tiT H 1/X • 

*ft i:«t o t ^ ©f y yottlffitffiJitt©*afc 

SB^T^S. I/O/15/H5 0H fyyotftCE 

4 £ »©BIRSea$^4&*WTA^J:'5fcU, RCIEigi 

££5t::bT&0 (IP'S, 5 *Y^y h(D&*\z, *t<D 
2* F7>H:»«©Ay77*IAT*«) , ^tltc 

3*- H7>hQUAD0-QUAD3^*^t9Ji 
CD 4 M b ^ v 7£ L TfM£"T* £ 5 \Z LT& 

[0 0 2 4] H2tt, Bl©**H7>hQUAD3© 
&;*C^T*£c K^>M£4^0 1 *#fcf:y h • 

?D>^B1-B4HMUD, -£-nS 1 ;*#t£s/ h 

•ypyj^tt, 2^(05 1 2KbO^'J • 

b\t&rD(D±if^> b S 1 8 €:«*_T^£. 

£) . #-fe£^> h S 1 -S 8 \t. 1112Wt + 7h 

>X7>y©SS A 1 A4&mA.T$5D. ^ti^iz 



(11) m$- 2 5 3 9 9 5 0 
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y^J^Zl — ^6 2 A, 62B£, \*7>b<D$i<D4 
0 9 6#<7)7- K«0'5'63& i 6 2*Sra«t"^fc»©, 
C105 1 ^7 P ^±TIC^»fLTafel9:bfc4 0 9 6{@CD7- 
F-r3-^6 4A, 6 4B^e»«^nTt^o 0 
fcfy h • xn— ^BDECtt* Z<D^ 
*:/©**lClIRSnTi3D, 2ffl©SlWcra— «JtT 

n6 2lOrn-yn S^rrBJ*Ufci7 * F v > h O 

iO nS'?3--ytt±T«iPM3a:NOR>'--HSOt)©iL 

[0025] H3it s iatfB2 <Dm*(Dmm7w 

<0»ff*3KTPvyi7HT*&. ^a^SOfr-f y 
;l/ (row enable) «-^T*£?T'f ^—^I/ • 7i<Xfi 
^ (RE) ^® l/^;i/^fTT>5 Z_t\Z£iT. Z_(DJ- 

•^1/— (RE • PHASES) 7 0*«j6»**lS B * 
(1/4 • BLOCK • SELECT) 72H^ 

-y;UL, ceo ri/4yD7^SKj 7 2H do? 1 

2ffitZffiST^m-^A9 <hA 1 0 t&SttBlSo ri/ 
47 r Pv/^S#?J 7 2H *?*H7>K^*©409 
6*C07— HJ»0 5^0 1 0 2 4*A^dcS7 — HttS 
* 1 oa*?"t"St)07?*5c CO ri/4^P7 

^m^j 7 2tt< ^-y^m-^E^jumL, u^*- 

30 y;P«^Ett, 1tgcC0 7 P U^33-^ (ROW • PRE • 
DEC) 7 4t, -^©SSib&^Py^O + O*^ 5 1 

(WDEC) 76A-76DO, ^O^&^O^P — 

an, ^LT^nfc^oT, 512^7-Fto^^ 

[0 0 2 6] B4ft *^0JO-fe>X • yXfA« 
40 75;[H3g&S^^1-c a*5Lfc7-H«WL±©*flE««5i'6 
T^^difC^oT, PiMOS • FET (P 0 9) ffi 

tt, 1 9 8 8^7^MF<? (Itoh) K*fLTBf£fT£ 
nB5tttk:BiaESnfc*HW*ff #fF^R E 3 2 7 0 8 

*BTiBCil:8§ShT60, Sfc**Jfi«Ttt, 
S^7- H8RL 2^3i-6T^SCi:(C«fcoT, fyF 
50 iBC^tEW^^n^^^^ttl^o 7-H 
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HWL &±L ~F # o tc '& \Z , RE-PHASES70* 

T>-?7 \<D, nl7yf7 1NtpS7yf 7 1Pt 
#tyhSn*. nfi77f7 1tt, tT^MfcBTtB 

««) ^e»f *t>©T*«». fttpi77?7 1 p 

[0 0 2 7] j:n«fcDWCXBI3S#BBbTRM"r*^ 
JEUKBftfPtt, l^CD^* K7> FO*K:»£> 1 1 1 2 

ahatfyhaa* (mzwtwtz>&o\z, ^nz^o^iz 
£ e ccot3 - Kli 2 ^oigas**^-e^5. ^ 

Uyt7X$>Z>&H 7)V (column enable ) 

»fPs&«IM6Sn*. *Ot€TKl«J&atlT^S 1 lfiO 
7H1/X • bfy hO^^CO, ftiteCOlfy HA7^e»A 
10$m 5»Jr3-^ (COL-DEC) 8 2 

J»Jf3-^8 2lt leWWlO^ 
n— FSrff&l^ ^tltCcfcoT, #^tH5>h0)l 1 
1 2 MOtfy F«2*G> 3 1 3 9M^ti7 hti&tifi 

IB^ti^o fit, mfla4KBl,TBlBrr<5i, 1 
3 9*fG>Ky F«**BT, B C tt B S GmmfliL*>±1fi 

z>c£\z£~DT^-&m\zm&znz>o mp^>> bsgh 

^u^±OTi/U • h7>yX^Nl 5, N16# 
^->t>^tl, fLT^n^F7>yX^N15, N 

KDITiE*tfT»:tonfc»^, ECC 2 OlCJ:o TIT 
JEfflS&lESttfcl 2 8 hfy F*t, SRAM40A<hS 
RAM4 0 B^tCfHft^n^o Sfc, ^DCDTFl/X- 
fcfy hAl-A6^jyUrn-y 8 4 (C^oT^n- 
F^n, ^niCcfcoT 1 2 8 k*y FOS^S 2 fcfy F 
(S RAM 4 0 A<h SRAM 4 OBi^&ftl Ify Ft? 
^) *«*U*tl5. Iil:^7Fl^X • F A 0 

(DATA- I/O - AND'MUX) 4 0CHJ; 

otrn-F^n, ^ntr^oT, -tne> 2 if y fo-5 
%<d i ti ^ F*«* i vmiim i/o (i/o - i) 

rau ^2^m^ffltf> i/o (i/o • 2) £«ja-r<5 

*^4$lflfS4 8 4 5 6 6 4^ (1 9 8 9^7^ \Z7^T 
)l~?> - i/zL~7 b (Aichelmann, Jr. et al ) 
T^fTani BMtttwBttStlfcWfFTfeO, :com 
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3) tMDS Cftlt ^Ig^* F5> FKWUT-t 
*aS2O0bfy FOS^tfH^nSr&CUj^-r^a** 

O (I/O- 1) ^>:x*JW£^fflT£«fc5K:^ 

[0 0 2 8] &T<DmWlZ&^T\t, :^7^7 
70 1 1 M(DffT F l/X * fcfy F <h 1 1 fSco^JT 

Fl/X • fcfy F^Srffl^T 11/11 

Fl/X • ~>X^A (Low Power Addres 
sing Systems) tit, 1 9 9 0 ^ 1 2 2 S#TA- 
X£ (Barth et al ) tC«£ o TttiiS^ni BMttfcSS 
Silfc*B»tt*4 9 9 9 8 1 5^HP^$nTt^ct 
3fC, ^O^y^OTH^It 12/10 COT HP 
*#St*JB HTfr £ -5 £ £ *> pJtETfe S. 
[0 0 2 9] #56118 • fy^ • 7-^5^ ^ 

cn«tDH5-B7*#IUT, :o*>fy^ECC 

[0 0 3 0] #5SW£*m*RttiLlM 

0 (^tllir-^JjSD R AM*5 E C C S^LT S R A 
M-Mgi££n&ftf£T&£) , fit r#HbJ fMeK 
^ot^^ (Ctlttf-*^SRAM*5ECCS^r 
LTDRAM^gg^n^i^T^^) fcOtftoW 

30 [0 0 3 1] ECC^ny? 3 Oti, — a^9^£ti/# 
— RDITiE (D ED/SEC) ©«*j£*-r*. «SfcS 

(fSciWECCff^i: 

40 -V^^SOi&X (article by N. Jarwala et al entitl 
ed "Cost Analysis of On Chip Error Control Coding 
for Fault Tolerant Dynamic RAMs," Proceedings of t 
he Seventeenth International Symposium on Fault-To 
lerant Computing, Pittsb. PA, JuIy6-8 1987, pp. 27 
8-283) *#J»<*nfc^. *H*fiWK43^Ttt, x-^ 
• »7-F(Oty F»fC«l 2 8t> K^JSfflLT^D, 
CCDS'&^i&e^xu/^ • tfy h©ifttt9k*7 FT 
S£oT, ROfTiE^— F (ECW) (OtfttLT 
« 1 3 7 M:^oTl^o 

50 [0 0 3 2] H 5t3^-rcfc3tC, ECCyP>^30 
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te, 9-3(^)y> H D-A • yx^l/-^ 3 0 S 1 - 3 0 

— 9 3 0 S 1 <D*p\Z^LT&Z><k?lZ. §y>Kn-A 
• ^x*U-^tt3S5iO*ffiMOR (XOR) dvy 

(DSlg (IS) te, iltO«^4A^XOR^r- 
h36^6««SnT^* B £fc|g2g: (2S) HU 
fa4fl<04A*XORy-h^e»»«Stl*. flTl 
j&g: (3S) Hli(04AAXORy-ht*5. d d 

P-A-yz*l/^3 0Sl-3 0S9lt ^COA^ 

1 , 59, 59, 59, 55, 59, 60, 4 7, Rtf 
5 6£LT&£) t^5C^T*t>, CtltCcfcoT^ 

ct^C3gaWJ^n/:XORy- Hli^T, 12 
8«<Z>5*— * • If y H l^©ffi#*-&©/SU^>f 

5^ • try h*. SKa^si^KWJS-r^ fss^nr 

^fc^xyi? • fc*y h£itt££n£o -»Hn-A • ^ 
x*U— * 3 0 S 1 <7>£§3&)&>&j£UjSftSffl;fclfy H 
ttly>HP"A-h , 7hT^D, d^y>HD-A' 
bfyMi, 9tTy H^^Hn— A -M*3 2©**j6-f 
S l*©«l3j|S'&StlSo y>HD-A-yx*l/-* 
30S1-30S 9<D&X<Dmi&^At)'£nZ>m&<D 
A^ta, 1 2 8{g<7)^— 9 • tf y hO^Ofe^ l^COgfl 

*U-*#SWRS^-* • try h 

i(Z)y>FD-A • ^x*U— ^Ofcatttg&^&ffi 

SOffiftM&tVT&V, ^ne»SR^*^«, BOWIE 

ftlSXORAAH £CfcSJlLifcROinElfr*&« 
^A'lJr^ -fx 7 ^ • vMJ^Xt:fo/c, 12 
8lfy HO^— ^. »7 — H<B + <BW^CDffi#*^t0/1U 

[0 0 3 3] CO^t'J • 5 L v^^v £ —9<ontiL^fr 
fcoh^\ZU. 1 2 8 tfy hCD^-^ • 7- H£, -CO 
*^EU • fy^OI /0/t 7 H*5SRAMl/^?4 
0 C^##jXtT«k 3 kit"*. 12 8(@(^)f-^' 

T, y>HD-A-yx*l/-^3 0Sl-3 0S9£0 
A^gR'xA^nSo d *n5y>Hn-A« 
z/x*l/-^3 0 S 1-3 0 S 9CD£A7^<£>5*>CD, 
a*9^<^A**tt, ffr3tti£ r 0 J i:ffi»snT^ 
^>o fLT^Ofiy? • tfy h*^tSnfcS6 

2^£7W yfSWtaftO^f !Wt— * 34i^LT 
DRAMOttt*Of-^if:ig^$n^o flTun 
1 2 8m<DT — 9 • tfy ht9fflC0^-xyd7 * tf 
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yhtWXJjtf, fn^T-^SDL^LTDRAM 

[0 0 3 43 flfctHb»ff*ff*:3i:#ttt, 12 81(7) 
• tTy Ht9B©fxyi7 • tfy hti^^E 
CW£, HtCK?8bfcct3lCbT, DRAM7W^6 
Bfc*tB"r. ':©«*lllLtT-^H **G>tryM*i 
ECC i/XrAtOBlCiB^SftTUS 1 3 7*^^— 
9mDL±^vk{ti?Z>o 9c\zmWl>fc, ^©128ty 

gc^T, ^nbf/iC^bfcf-x^^ • tfy h 
t> fn^ 1 2 8<B<£^-* • tfy hSftffllCuOfy 

•7\zm%&/vfctziz, ^ne> i 2 8«<o5*-^ . My 

Hc^^T^fefEttUTfc^fc^xy ^ * tfy 
©JtftSrfffti, CCDJtl&te, *>> HP — A • *J*.*V 

— 9(D^4<Dthti^ (=fHS) H&^T, loi^cot: 
y hrttXOR«»ft*ff-r*iltKctoTffa:'5. 

■£©Jt«<Z>je*5B£"T* 9{lCD>-> HD— A • try h 
te, R0y>HP-A • 7 HlxXSSteffeOTfSS. 
20 HP — A • : t—9\Z9 My h<Di/> HP— A * 

/U3 2±A,g|tfit, fit, :^y>FP-A*7- 
^£>2jt<fite, 12 8l©NORr;HX3 6 (BP^t* 

— ^ • tfy b im\Z~D& li^ONORrA-fX) tc 

If y HcD&g£ EQ)*r—9 • tfy H**^&*> 

Sr) ^ti^f^oT^^o 1 3 7<@CDtf y 
Z> E C WO KB Vfrl-Oh fcfr o fc^tC tt, $ftfz \Z 
Rtl/ftllftOfxyJ • by Hi, ^K^-^ • liy 
H*»Wfc»€r^«i#fclB1»bT*^fc«Jk0^x 
30 y^ • Ify H£Hi;t>©££oT*3?K Z.(DWi&\Z\%, 
j|&*WK5S£Stt*>'>Hn— A • 7 HUXtt roj tc 
&5. y>FP-A'/U32 

(1/12 8) £#tj&U tUTRSt5fifl:*5N 
ORr3-y3 m?)759 - My hEB4»4t 

-5 - i^^:^ 0 1 2 8iONORT3-^3 6*i6©* 
*©ttJ*«, 12 8fflOXORy-h3 8i:i5^T, 1 
2 8 Wr-^ • t*7 h^i^TXOR (SEffiW 

Kraft) ^e>n, cntc^^T, . ^7 h 

a, -^^^-^ ■ b*y H^ste-r^o fix, ^ne 1 

2 8i02A*XORfW7 3 8 SOtti^ 

1 2 8 tfy HOS RAMlx^^SrEftU -etl^ 
J;oT, ^Olb^r-^ • tTy h^C^S RAMl/y 

[0 0 3 5] jUi^g^LTte, y>FP-A«yx^ 
U—9 3 0 S 1 -3 0 S 9 £>*<0XORy— Hi, 

feCOTftS^ Hib^XP- HmBEA-f (DCV 
50 S) Dvy ^^fflt/^CT)^*? SUl^o DCVSte, 19 




27 

86^2^ fcifVy* >*b (Griffin et al ) IC&LT 

m'tf2ntzxmm¥t%i4 570084^ (nxBttflF<z> 
&7Ritzott\z*o*mmz&&?&) 

<**IT^S. B7ttDCVSJB<B4A*XOR<BE]|»B 
T&£o h7>yX^T2-Tl SHctoT, 4A*X 
O R <D«fig*^"r £ N^OM^-tt D V v $ ?:MlTi5 
Z.<DA ArtXORKtt* AT, AC*5DT, DC 

IftStlTA^ ttffitSnfc&'Stf, H$Mt-*f A, B, 
C, R»D©#ftWii» (XOR) T**iS»a* 
h7>yX^T16, T17, T20, 1 

[0 0 3 6] DCVSn^y^Sffl^SIfttt, S5>W 

z> TfrzwnE&wmT-? ^sr am^(esit* st<d 
7, • im ^^tigjnsnsiiffi^D^fe^^^it^p 

££#**o;fc. **Jfi«OECCEIttf4, DCVSDy 

M2r*A 5 £ £ & < 0 KffliEKBrr E C C <om 

\Z\*. ECCDyyj7*U0 0«OTXh8attS*» 
LS5«k5l: i J)LT^S. MP-e, H5RyfBI6t*TJ: 
*>\Z* S R AM4 0 <D — §ft#4 OD^^LT, 9<B<£>^ 

<dt*&z>,> m 5 \z5jK-f£o\z, 1 h * im ^jvcom 

y>Hn-A • A*X 3 2±H3Hm^nTV^^x^^ . 
SE, SRAM4 OD^^f-^iDLl^f ^Mli: 
* (t*X h • ^ H^lWxy^ • hJy b£ 

-So IlC^ECCDy^^^iaaCrX h T d £ t> pJ 
fgii^oT^O, cntt DCVSPy^^^^Sf 

fiP^, DCVSPy7^^2^©y-hd^^^(^ttl 
-fey roj £&^T*3 

yj^\ Vfr*>—Jj(nfr1fl r 1 j fc5&:£ 5 &<0T&-5. 
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JjOfrifi r 1 j ic&sttr©£;i5**, r 1 j 
sa^ r 0 j ^n^owny 

[0 0 3 7] £JL±T, ECC^n-/j7 3 OCORgaSJST 
8 -HI 2*#HBLT»Wr4. 

[0 0 3 8] tfy HSJtiUfifcOftfPSrKBHTS^'P^ 

5. -t-ne> 3-^coB*ttt, yu^-^s (pdl) 

^ra^-^i^ (MDL) ±5 f -^l« (DL) <h 
T'^So PDLIt 7W <D*P<D\£y h«Cga*LT^ 
Z> 0 MDLIt PDLiJESPDL £ *ilfi^-frfc t> G> IC 

ECCyXfA^AMfC^lTl^, fit*© 

30 DLOTic^^TK^t^/^U • -fe;i^-fe>X£n 
T^^ratC, *tl5PDL#tt««ATLS5±3ft 

«I^^fc66tC, PDL^, TU-fC0±^>?^if^tC^ 
Bit^ctpCMLTS^c PDL*U^Ot^>h 
e*WT*fiSf4* PDLK^raPi^it^bTM^TS 
t^fctt, PDL^t:^ H»t*t)*fl«»4, «*MC3* 

tt^^Vi. 1 6#<D 1 tC*T«^UT^^«fc-5& 

tr^^feO^^^Tt^c K±^4, 015 (loo-tr 
^>ht#©PDLt^t) tBl6 115^ 
MoT, a^ff^ttttffSl&JH (Ml) 
fh±DIoB^»*«PDLT*5) tl:Stt*0T 
fe^>o 5EtCf*8E"T5<i:, MDLHPDLX<yf tDL 
t(Omi3JBJ5dcUT*5 0, DLUMDLX-fy^ECC 
50 tOfflHMLT*§«> ffioT, cn^3S©T-^i 
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li*rn*>\Zffi.fr&t)1£tzZ>'t y stilts Ui/y&-7a 
[0 0 3 9] mzm^tzJiOlZ, 2*b?>b<D&* 

1112 k^ ht§m<D^£\sT$>z><> ^ne> i i i 

2»05S©16»OKyh«»^ JEftky F*#T 

[0 0 4 0] B8H ky FjLfiS'X^AG^Dy^H 
40»5Jifibfy HS^Uy?RBLA> RB 
LB, RBLC, ROTBLDlt -?-<Z>ft* G>:/a y £7 
8*<B3ESky M**>Sj**ky h**ilT* 

ffiojLftky bmrnzmmmmtimtk-r & 

[0 0 4 1] #^*H7>MJ13 9*<DPDL£ffi A 
T^2>. -?-n^ 1 3 9#<Do%<D, 1 3 7*C0PDL 
te, ECW (ECWB12 8HOT-? • k*yht9l 

[3 8 \Z^~t<kv\Z, fn^2$OPDL (RPDL 50 
1, RPDL 2) ttS^WClBHL,&tirltfcE»bT* 

[0 0 4 2] *^*F5>MMK*»©k:x--X-A 

JEfiky bmtt\Z~D%2-Z>-3z>WLtfT&Z>, l-D<D2* 

X • M>i7tt8ffl0>fc:i — XS:<&ArT^S. ta-X- 
M>#WU H8lCtt, SS12A, 1 2 B <h IT^IT 

[0 0 4 3] £t±<Z>ky h5E«*riEOf^fflttetT(Oi45 40 
K#j6L&fc:i-X-/1>iMC»U -tOJtfikyMB 
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Sftt^S, fit, f^t5iofct'7h-7Hl/X 
*<D8«fc:x — X • £tt*Brr. -tn&coki — X 

k a-X • ^< OUR© k a-XOtti*, 8 
*OHl*»14ASfcttl4B^bT, k^hJEft^ 
Ux3-yi 6A^fc«l 6B^feIL, ^n^coyj 
7^-yi6A, 16Blt (EgSftTfft8i0ta 
-Xfl#Sr, 1 5«©yUx3-H{tm*«#^«« 
U ^LT-en^^ta^m^^r, ky h7L^X^7U> 
^•7O7i7l0A, 10 B^^n— K-T^o 

[0 0 4 4] B9H Xf7U>^- ~?Uy& 1 OA, 
1 0 BOffffl&T/ny dtl£X^7U>^ 

• ^Dy 2? 2g^f3-y^fx.T^5 D 
&Xf7U>^'^D7^10A, 1 0 BK*5^T, 
©iie^Mr^-^l 10A, 110BH 1/8 

7U>^-yP7*10A, 10B^2g^MT^ 
-y©ail2A, 112BH l/16f3-HS^ 

tt, 13 7flO»J10f3-y («AHll2Ah 1 
12A2f) *^*nT*3t), fn^r^-^l^l 

p d l ^ i *^ca^$nTu^c ^n^i 

3 7iOT3-^4^-7 r »tfSnT*0, ^CDrtiR 

1 7<@co^n— ya^&^aw*!^ fnc 1 6®co^ 
3— ^s&s»j&*3 sig^-yi 1 

0AH yjrn- ^1 6 A7^£iHffi£*l£ 1 5{Hco^ 
3-F{fcffi#<B5*©6fi£gttffit), ^tlb 6{lCDff 
^£^-Fi" ^CchlCcfcoT, M<7)fn-yi 1 2 
AO, ±E8:3CD^3 — ^»©3%<D£<0S**7 F 

tBfJBbT^**ft0^3-^l 1 2AH X'Jt^- 
#\ 6 A^^igtB^nTl^, 1 5ffl©^3— F{t7 F 

&9, -^ntCctoT (1 3 7{@<£>) ^n — tf<Dv*>fc 

>^->L, ^nUctoT^n^^tiSLfcMDL^, IK 
UfcPDL^e>«Bfb, ^LT^CO^L*:PDL<£>ft 
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/h£<> Ld>fc£<Z)B»S:fT&'5K:tt. SScftLT^Sb* 
y h«fc*»tl/T^* P D L fcttATJLft P D L £JB^ 

[0 0 4 5] BIOS, MSt^^ — ^1 1 2 A©^^ 
CD i -D(D^n — ¥ 1 1 2 A 1 Si&WK^b&fcO-e* 

3-H««E*S«UT^S 8 :©DEC^)fflWVWtt 
ffiK:*S«fc# (Zlfttt. 73^1 1 2AldtIRSn 
ft^tS«toTtt»T*5) lite* JiSPDL (RPD 
L) D L C ^ tlT ^g^fe ^) „ ^(Dfctb, 
DE C&/\'fVt1Bi\Z&2>£Lg\Z\*. h7>yX^TTN 
1 WTTP l^->t>LTt^u<i:l:J;oT, R 

h 7 >yX^ T TN 1 RtfTT P 1 ^7ttl© 
7jT\ h7>y^^TTN2^TTP2 
B^->t>UT^5«l:5t:tSC^tJ:oT, PDL 
(DjjfflM D L <£> A * £ «fc O \Z b T ^ . 

[0 0 4 6] JBUiCBiWb&biy hJLfiS'X^A 
Ttt> 13 7*©MDLH 7^F5i:gyXfA2 0^ 

1 3 *#fl8LTR?8"rs. 

[0 0 4 7] »7— H5Lfi3BtJ5jcC0 7lx-f 2 0«i 2 4*C£> 
■7— Klftx 1 0 9 6*f<Ob* y MftJsf^cfcoTatJGKUT* 
D> ^n&©7— FiftRtfb*^ hlftH:, DRAM071/ 

o\z\$, Mo^-^t, ^n\zttlsTteffit&tezf~#t 

(Dmyj^mm-r^^oizLrz, y-i > - izji^&t-* 

[0 0 4 8] fyy±®, ^©5iS7-H«S7H2 0 
• • 7W*>SH«Wl/& 

S»i<ft^WSuil:»*. cnn »7— F5vft« 
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[0 0 4 9] ^>5 1 ^7 P ECC<h|iL^-y:^ffiffltlSii{t 

> • t;i/3^7K4RMbfcc tl:*5. HI 1 tc^ 
i-<fc-5K:* STlS?- FiSRWL 0 , RWL1H «-tr 

y)WD r i j i^;u<D roj ti^>77 

20 SnSuW^, ir>X7>^ir^ httffi^tt^ST 

i <<0*ff*-d-«fetfll^K:'7-H»2 4*^LT^^^ 
'£3&>e>, b>y h*6C0fi$*«##iCfi< Tiff ^43 0, * 

[0 0 5 0] El±l3«WL&«fK£tn»CWUTtt, C<0 
H»7 K 0A#»ai^*att, Sffcoa^r 

^-TJ:-5tC, ^(69— F«07FUX*2 4ffl©b3.-- 
50 X-M22A> 2 2 BO^^CO 1 -3K:IEte£-&£ £5 
CLT^^ 1 ^ 1 Z><D\i^~- X • ^-f tt, Cc^TlST 
KOta 1*<07— FiR<&*;B£LT&5. b 
jx-X-^-fte, f©i*7HUXStlT^ jX^EU 

* 7K <z>*<Dy—\*mifl* «tft-r^# , 7— H«7?.*s 

ifi9* F7>hcof04 0 9 6*CDy— KJRO-S'feOtt 
^Ai-S^(h*«7?#St)CDtbTfeSo ^^T, CAS 

J:oT, ZL<DKS:7l"f (D^<D\l y b$&(Do*>(D 1*S 

0, ^niici;oT9- FTEfiT U-f ^SUiTtr^ 1 3 7 
50 7fc<D\iy hm&ECC 3 0 'vco^— L © A^gP^v 
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[0 0 5 1 ] ##BJ!fc:45^Ttt, MM1t^fc*>^v7 

*K2«K±C0ftHtlf y bffi^Lftm^\Z\t. #ftS 
OTED/SEC^TIl ^COECW^fTIE*r^)^<i: 

bfc^tcfc, j ene»oasci»tti'p©Ecc , 7— f<z>4> 
R0£LTm8iT£±3£&£) o 

yhi^^l^t'J - -tr;l/S\ ^l:fift^&ECW 
tw*fJKS-&T^^, CKOcfcO^Ufct^lc: 1 3 7 k*y h 
CDECWC04ifC2 fl£t±^»l»36*5!*-r § **«r if* J~ 
£.Q$t#>fztZ?>, 1 6;*#bfy hO^^U <D^tC4 2 

loco 1 3 7\£y hOROfnEflF-ff? — F<0* 

*y CITIES: E C C co^(C<t o Tfr& 5 CI <fc*tT€r 5) 

T, ^TWCtoa^^RSlCtS^C^^aOttS 0% 
JK±«t^5 c<ti:&5. ^ntc^fbT, im<D^y?\z 
l o o ofioSfclBM^EU • ir;i/*^>^Atc5E^-r-&tt 

[0 0 5 2] ^TRWL&^y^Tfi, RDUjE3&s# 
Oft*«la^t<0»^tclB5nT^-5. l^ORDITIE 

;Uh- hU^>^co»ia{t*BISfc»^tt, locoRD 
fTIEftF-^ fC«»(OSfc|*at5E£?- * £ ^ 5 
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> tf ^ - ^ k ct & 5 i v - v 3 > h mmm &§H¥ £ 
etna* ecccd?*— ;i/h • hi/7>xn #f£fKo 

J0 [0 0 5 3] 0 1 3(C^-rct3tC, ROITiEWF-^liafe 

te> Ki£<£>*n<> f-;^ll»fcDW2 8i©f- 
^^^>^AfC^^f^^JStC^^T^S i 9^5 0% 
fc&3 0 *5£WOliy h*3t*«/«tR0friE«F^tft 
»^*TJH^*fc&tf, 5^7 ia*fcOW2 7 2 5 

fc<fc*Ui, Fl^>*tt, t^>Ml 

[oiJi-r^o fct, £(D;ft#:Wc&v>Tte^^> h l 

unfits h»o*»s2*ti/T^5ifin *aswo 

[0 0 5 4] Ki£tf>£n<, ^0^^7 P f44 , 3CC)i7^ 

2 4*07l^ , 7- H»^6fiK*»J#OTU>fS:«ATli 
^>c S£oT, Hf^<7) I^^TlS 1 ?- H«tt> l^>ORD 
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ASRFtCttSKUfcECW&*to-r<fc5JC"rs. CC7)J: 
■5tCbT, ltSc^^— S^cotfy Fffi«*^Rfil*-T?&£ 
(MP^-f >9— : rVr^ zsa >**J£3ftT^3) Zt\Z 
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